M a n u s c r i p t 6 Târnava Mare Natura 2000 site, ROSCI0227) because 18 habitats listed in the EU Habitats 123
Directive Annex I can be found in this region. 124 We examined the succession of vegetation and pollinator communities in this site 125 using a chrono-sequence of old fields representing different stages of succession (space for 126 time substitution, sensu Pickett 1989 ). We chose old fields with a known abandonment date in 127 the vicinity of four villages (Biertan, Laslea, Malâncrav, Richiş; Fig. 1A ). Abandonment here 128 can be defined as the cessation of ploughing, though other uses and activities such as mowing 129 or grazing may be present in the fields. These old fields may also be infrequently burned by 130 locals. The 36 fields examined ranged in age from 1 to 20 years since abandonment. These 131 sites were also chosen to represent the whole range of S. canadensis abundance from highly to 132 less invaded areas (relative cover 0-80%). Most sites were quite small (mean area: 1.3 ha, 133 range: 0.08-2.7 ha). The year of last ploughing, and current land-use practices were 134 determined by interviewing landowners, and based on that information, we categorized the 135 old fields as mown, grazed or without management. To determine whether the sites had been 136 recently burned, or not, we looked for local signs of fire (burned trees and shrubs, incinerated 137 litter or grass tussocks) and asked local people. 138
139

Vegetation survey 140
Percent cover of vascular plant species with a resolution of 1% was visually estimated within 141 three 4 × 4 m plots per site (Fig. 1B) . We assigned 0.5% to species with a cover smaller than 142 1% (species represented by one small individual or by seedlings only). The level of invasion 143 was characterized in each plot by the relative cover of S. canadensis and averaged over the 144 three plots at site level. The surveys were conducted once per site in May-June 2012. 145
In order to accurately depict compositional changes during the course of succession, 146 we calculated the following variables for each site:M a n u s c r i p t 7 1. Native vascular plant species richness and diversity. Species richness was calculated by 148 averaging the number of species in the three plots per site. The Shannon diversity index of 149 each site was calculated based on the proportional cover of each species. S. canadensis was 150 not included in the calculation. 151 2. Naturalness. All plant species were assigned to one of the three naturalness groups 152 according to Sanda et al. (1983) : (i) species of natural and semi-natural habitats, hereafter 153 called "grassland species", (ii) species common to both natural and ruderal communities, 154
hereafter "generalist species", and (iii) species of ruderal communities, hereafter "ruderal 155 species". The proportion of each category was calculated for each site and used in subsequent 156 analyses. 157 3. Functional guilds. The proportion of the main functional groups was taken into account by 158 distinguishing (i) graminoid species belonging to the Poaceae, Cyperaceae or Juncaceae, (ii) 159 legume species of the Fabaceae and (iii) forbs, i.e. herbaceous plants belonging to other 160 families. As the presence of tree and shrub species never exceeded 1% average cover at site 161 level, we excluded those species from the calculation of this variable. 162
163
Pollinator sampling 164
We sampled pollinator insects in 22 sites (out of 36 sites with botanical surveys). We selected 165 these sites to cover the whole range of successional age (1 to 20 years) and low to high 166 densities of S. canadensis cover. The sites were at least 250 m from each other. Pollinators 167 were sampled along two 100 m transects per study site; each transect assigned was at least 15 168 m from the field edge and 15 m apart from each other (Fig. 1B) . We surveyed the pollinators 169 Although there are some semi-social species and/or genera among the collected bees (e.g. 184 some Halictus spp.), we use 'solitary bees' in the current paper for wild bees other than 185
bumblebees. 186
As the presence of pollinators depends on the pollen and nectar supply, we gathered 187 additional botanical information: flowering plant species and the number of flowers at species 188 level were recorded at ten 1 × 1 m quadrates placed equidistantly along the same two transects 189 per site (Fig. 1B) . We counted the number of heads in the case of Asteraceae species and 190 simple umbels for Apiaceae, but refer to both as flowers for the sake of simplicity. canadensis cover and the other five explanatory variables (except flower variables) were also 218 included in the models. We included study site nested within village as a random effect for 219 abundance and number of visited flowers; we used only village as a random effect for species 220 richness of pollinators because data from the two transects per sites were pooled due to low 221 number of available species at the transect level.M a n u s c r i p t
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In each case, we started with saturated models (Appendix A) and removed non-223 significant variables using backward stepwise selection, except those that were part of a 224 significant interaction. We extracted the contrasts for retained significant terms as follows: the 225 contrasts for covariates or interactions between covariate and factors, based on differences of 226 least square means, were extracted using the lsmeans function of the lsmeans package ( covariates cannot be computed, hence we drew regression surface plots with the dependent 230 variable and the interacting covariates. Normality of the residuals was tested using the 231 Shapiro-Wilk test and homoscedasticity of the residuals verified by plot diagnosis. 232
Abundance variables were log-transformed prior to analyses to reach normal residual 233 distribution. We calculated effect sizes (partial r) and their 95% confidence intervals 234 (Nakagawa & Cuthill 2007) to present the biologically meaningful magnitude by which the 235 significant explanatory variables influenced plant and pollinator abundance and diversity. 236
Before building LMMs, we tested all predictor variables for multicollinearity by 237 calculating the variance inflation factor (VIF) using vif function of the fmsb package in R. VIF 238 values were <2 in all cases, so no multicollinearity was detected in any of the performed 239 models (Rogerson 2001) . In addition, all dependent variables were tested for spatial 240 autocorrelation (see Appendix A). 241
242
Results
243
Species richness, diversity and composition of plant community 244
The old field age, the proportional cover of S. canadensis, and their interactions were 245 important sources of variation for all vegetation variables (Table 1) . Plant species richness 246 and diversity increased with field age. The density of S. canandensis was negativelyA c c e p t e d M a n u s c r i p t 11 associated with the number of plant species irrespective of old field age and with the diversity 248 of older fields (Table 1 , Fig. 2A and B) . 249
The proportion of grassland species increased, while that of generalist and ruderal 250 species decreased with old field age. The effect of S. canadensis cover was non-significant in 251 all three naturalness groups. However, S. canadensis did significantly interact with old field 252 age, as the proportion of grassland species decreased, and that of generalist species increased 253 in the older fields, while the abundance of generalist species declined in younger fields with 254 higher S. canadensis cover (Table 1, Fig. 2C, D and E) . 255
In the case of the plant functional guilds, the proportion of graminoids and legumes 256 increased, while that of forbs decreased with old field age (Table 1) . Despite their temporal 257 decline, forbs were the dominant group throughout succession. High S. canadensis cover was 258 associated with increased proportion of legumes in younger sites, and that of graminoid 259 species in older fields, while the proportion of forbs decreased irrespective of old field age 260 (Fig. 2F, G and H) . Land-use type predicted only the proportion of legumes, which was 261 smaller in mown and grazed sites than in sites without management (Table 1) . 262 263
Abundance and species richness of pollinators 264
The abundance of solitary bees was significantly decreased by S. canadensis cover in July (F 265 = 6.33, p = 0.022), but no such effect was found in August (Table 2, Fig. 3A) . The abundance 266 of solitary bees was influenced by land-use, sampling time and species richness of actually 267 flowering plants (Table 2 ). The abundance of bumblebees was decreased by S. canadensis 268 cover in July (F = 6.78, p = 0.018, Fig. 3A ) and marginally significantly increased in August 269 (F = 3.03, p = 0.099, Fig. 3B ). Bumblebees were present in higher abundance in July than in 270 August, and enhanced by both native and S. canadensis flower abundance. The abundance of 271 honeybees decreased with S. canadensis cover and old field age. The abundance of hoverfliesM a n u s c r i p t 12 showed the opposite pattern with higher values in August than in July. Hoverfly abundance 273 was enhanced by the field area and by the abundance of S. canadensis flowers (Table 2) . 274
The species richness of solitary bees was higher in July than in August and increased 275 with the number of flowering plant species. Similarly, more bumblebee species were found in 276
July than in August. The species richness of hoverflies increased with field area and the 277 flower abundance of both native species and S. canadensis (Table 2) . 278
279
Flower visitation 280
In general, the number of flowers (excluding S. canadensis) visited by bumblebees and 281 solitary bees was higher in July than in August (Table 3 (Table 3) . Further, the increasing cover of S. 285 canadensis had a significant negative effect on the flower visitation of native species by 286 solitary bees, honey bees and hoverflies (Table 3, Fig. 4 ). In addition, we found a significant 287 interaction between sampling time and S. canadensis cover: the number flowers (excluding S. 288 canadensis) visited by bumblebees was slightly decreased by S. canadensis in July (Fig. 4A ) 289 but marginally significantly increased in August (Fig. 4B) . 
Effect of S. canadensis on the abundance and species richness of pollinators 331
The decreased plant species richness and especially the decline of forbs led to food resources 332 becoming more limited for pollinators in the old fields we studied (see also de Groot et al. proportional cover of S. canadensis in July (A) and in August (B). Note that y-axis has log-561 scale. Statistically significant and marginally significant results are marked with * and ( * ) and 562 with regression lines; NS -non-significant regressions.
